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Abstract: Anzali Wetland is one of the most important aquatic ecosystems of Iran located at 
southwest of the Caspian Sea. This wetland is a habitat for valuable fish with vital role in life cycle of 
this ecosystem. Assessment of pollutants concentration is rational due to complications of determining 
biological effects in a habitat. The present study examined the concentration of lead (Pb) and cadmium 
(Cd) in muscles and livers of two fish species i.e. Perca fluviatilis and Tinca tinca collected from 
Anzali Wetland, and their  relationships with fish size (length and weight). The results showed the 
highest concentration of metals in liver, and the lowest in muscle tissues of both species. Highest 
concentrations of Cd (0.09) and Pb (3.66) were recorded in liver tissue of T. tinca. The results also 
showed significant negative correlation between metal concentrations and fish size. Highly significant 
(P<0.01) negative relationships were observed between fish length and Pb concentrations in liver of 
P. fluviatilis. Cd and Pb concentrations in liver of P. fluviatilis and Cd concentrations in the liver of 
T. tinca showed significant negative relationships (P<0.05) with size factors. The concentrations of 
Pb and Cd were lower than the maximum acceptable concentrations for fish proposed by MAFF thus 
safe for human utilization. 
 
Introduction 
Awareness of heavy metal (HM) concentrations in 
fishes is essential in terms of management and 
human consumption (Rauf et al., 2009). 
Anthropogenic activities constantly enhance the 
amount of HMs in environment, especially in aquatic 
ecosystems. Pollution of HMs in aquatic ecosystems 
is increasing at an alarming rate worldwide due to 
human activities (Malik et al., 2010). HMs enter 
water reservoirs via atmosphere, drainage and soil 
erosion. Therefore, heavy metal pollutions are of 
great concern worldwide, and have a great ecological 
significance due to their toxicity and accumulative 
behavior. Hence, HMs can damage aquatic 
organisms (Matta et al., 1999). Researches have 
showed that fishes accumulate HMs in their tissues 
and their concentrations depend on many factors 
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such as concentration and duration of exposure, 
salinity, temperature, hardness of water and 
metabolic rate of organisms (Pagenkopf, 1983; 
Allen, 1995). In polluted waters, HMs accumulate in 
organisms directly through skin and gill or indirectly 
via food chains (Sinha et al., 2002; Sure, 2003). 
HMs cause mutation, disturb immune responses, 
change blood parameters, decrease organism’s 
adaptation qualities and increase aquatics 
susceptibility to diseases. Also, HMs have toxic 
effects, altering physiological activities and 
biochemical parameters both in tissues and blood 
(Larsson et al., 1985; Nemesok and Huphes, 1988; 
Abel et al., 1986). Metals such as iron, copper, are 
essential due to their vital role in biological systems, 
whereas, lead and cadmium are non-essential and 
toxic. The essential metals can be toxic when their 
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concentration in aquatic environments increase 
beyond the tolerable level of organisms.  
Since the toxic effects of metals have been 
recognized, HM levels in the tissues of aquatic 
animals are occasionally monitored. Because the 
HMs concentration in tissues reflects past exposure 
via water and/or food, hence it can demonstrate the 
current situation of animals before toxicity affects 
the ecological balance of populations in the aquatic 
environment and to assess their risk on human health 
(Canli et al., 1998). Therefore, this study was 
conducted to assess the concentrations of Pb and Cd, 
in muscle and liver of Perca fluviatilis and Tinca 
tinca collected from Anzali Wetland to estimate risk 
assessment of these fish species on consumer health. 
 
Material and methods 
Sixteen specimens of P. fluviatilis and Twenty-three 
specimens of T. tinca were caught by local fishermen 
from Anzali Wetland, located at the southwest of the 
Caspian Sea, at 39°28'N, 49°25'W (Fig. 1). The 
specimens were transported to the laboratory on ice 
without delay and kept frozen at -25°C until further 
analyses. The age of specimens were determined 
using scales according to Bagenal and Tesch (1978). 
In addition, total length and weight of specimens 
were measured to nearest 1 mm and 1 gr, 
respectively. Following dissection, the liver and 
muscle tissues were removed, thawed (in an oven set 
at 90°C) and a weighted sample (0.5 g) of 
homogenized tissue was taken from each specimen. 
Each sample was placed in a Teflon digestion vessel 
with 12 ml mixture of nitric acid and perchloric acid 
(3:1 v/v) (Merck) (Canli and Atli, 2003). The 
mixture was heated to 120˚C for 45 minutes until the 
tissue was dissolved. The digests were diluted by 
adding distilled water prepared from stock standard 
solution (Merck). Metal concentrations were 
measured using an Inductive Coupled Plasma Mass 
Spectrometer (ICP-MS-300D) and metal 
concentration in a tissue was presented as µg metal/g 
dry weight.  
Data were plotted on graphs to show their 
distributions. The linear regression were applied on 
data to analyze the relationships between size of 
specimens and HMs concentrations in the tissues. 
The concentration of HMs in tissues were also 
compared using One-way ANOVA test. All 
statistical analyses were carried out using SPSS 
statistical programs (Version 16). 
 
Results 
Table 1 shows numbers, length and weight ranges 
and length-weight relationships of examined 
specimens. Higher Cd concentrations were observed 
in liver tissues of both species. Pb concentrations in 
both tissues were higher than those of cadmium, 
especially in the liver (Table 2).  
Table 3 shows the relationships between metal 
concentrations and fish length and weight. 
Significant negative relationship were found 
between length (and weight) of T. tinca and 
cadmium levels in its liver (P<0.01). Furthermore, in 
the liver of P.  fluviatilis negative relationships were 
observed between length and HMs (Cd and Pb) 
levels (P<0.05) (Table 3). 
 
 Discussion 
Heavy metals are considered as the most important 
pollutants of aquatic environments because of their 
toxicity and accumulation. The toxic effects of heavy 
metals, particularly cadmium and lead have been 
Figure 1. The map of Anzali Wetland at southern region of the 
Caspian Sea (North Iran). 
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widely studied (Inskip and Piotrowsiki, 1985; 
Kurieshy and De siliva, 1993; Narvaes, 2002; 
Nishihara et al., 1985; Schoerder, 1965; Venugopal 
and Luckey, 1975). Cadmium and lead have no 
known biological functions in human physiology 
and might potentially be toxic even at trace 
concentrations (Robert, 1991). The symptoms of 
acute cadmium toxicity include high blood pressure, 
kidney damage, destruction of testicular tissue and 
destruction of red blood cells (Gupta and Mathur, 
1983). Hence information regarding levels of heavy 
metals content in fish species may have some 
advantageous for reducing their risk in public health 
(Domingo et al., 2007).  
In this study, metal concentrations varied in both 
examined fish species. These difference may be   
related to differences in ecological requirements, 
swimming behaviors, metabolic activities between 
fish species, feeding habits (Mormede and Davies, 
2001; Romeoa et al., 1999; Watanabe et al., 2003), 
Species n Age Lenght rang (cm) Weight rang (gr) Equationa  r Value 
P.  fluviatilis 16 1-4 17.6-23.4 87.5-156.3 Y=0.0793X+10.897 0.961 
T.  tinca     23 1-3 13-21 35 -144 Y=0.0708X+11.157 0.951 
               aY is total  length (cm) and  X is total  weight (g). 
Table 1. Size ranges and the relationships between weight and total length of P. fluviatilis and T. tinca from Anzali Wetland. 
         Fish Tissue 
Cadmium Lead 
Mean ± SD Mean ± SD 
P.  fluviatilis 
Muscle 
0.003 ± 0.001 0.62 ± 0.15 
   
T.  tinca 0.03 ± 0.02 1.15 ± 0.42 
P.  fluviatilis 
Liver 
0.08 ± 0.02 1.2 ± 0.28 
   
T.  tinca 0.09 ± 0.03 3.66 ± 0.5 
Metal concentrations among the tissues from different fishes were compared 
statistically using one-way ANOVA. All comparisons were statistically 
significant (P<0.05). 
Table 2. The concentrations (µg /g d.w.) of heavy metals in the tissues of P.  fluviatilis, and T.  tinca collected from Anzali Wetland. 
Fish Tissue Data Cadmium Lead 
                                                      
P.  fluviatilis 
 
    
Muscle aEquation Y=18.47+(-422.44)X Y=0.85+(-0.011)X 
 p Value bNS NS 
Liver Equation Y=24.09+(-48.15)X Y=3.73+(-0.012)X 
 p Value *(*) *(*) 
T. tinca 
Muscle Equation Y=16.52+(-11.71)X Y=0.75+0.02X 
 p Value (NS) NS NS(NS) 
Liver Equation Y=0.23+(-0.008)X Y=1.545+(-0.009)X 
 p Value **(*) NS(NS) 
aIn the equations, Y is metal concentration (µg/g d.w.) and X is total  length (cm) of fish. Asterisks indicate significant results. 
bNS, not significant, P>0.05.  
* P<0.05  
** P<0.01 
Table 3. The relationships between heavy metal concentrations and total lengths and weights of fish (p Values are given in parenthesis) in the 
tissues of P.  fluviatilis and T. tinca.a 
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age and size of fish (Al-Yousuf et al., 2000; Linde et 
al., 1998) and their habitats (Canli and Atli, 2003). 
In addition, the results showed that metal 
concentrations in the liver was higher than muscle 
tissue of both fish species. The dissimilarity in metal 
concentrations in various tissues is due to the 
induction of metal-binding proteins i.e. 
metallothioneins in liver. It is well-known that large 
quantity of metallothionein induction occurs in liver 
tissue of fishes (Heath, 1987; Canli and Furness, 
1993a, b; Roesijadi and Robinson, 1994). Yilmaz et 
al. (2007) reported highest accumulation of 
cadmium, cobalt and copper in the liver of Leuciscus 
cephalus and Lepornis gibbosus, whereas the lowest 
accumulation was observed in muscle tissues of 
these species. It is commonly known that muscle is 
not a tissue in which HMs accumulate (Legorburu et 
al., 1988). Similar results in a number of fish species 
(Karadede and Unlo, 2000) show that muscle is not 
an active tissue in accumulating HMs. Canli and Atli 
(2003) recorded the highest concentration of 
cadmium in liver and the lowest in muscle tissues of 
the fish. Based on our results, the concentration of 
lead was higher than that of cadmium, particularly in 
the liver.  
The results showed a negative relationships between 
fish sizes viz. length and weight and HM levels. 
Nussey et al. (2000) showed that accumulation of 
HMs (Cr, Mn, Ni, and Pb) were reduced with 
increasing the length of Labeo umbratus. 
Widianarko et al. (2000), showed the relationship 
between HMs (Pb, Zn, and Cu) concentration and 
size of Poecilia reticulata with a significant decline 
in lead concentrations with increasing fish size. 
Metabolic activities play an essential role in HM 
accumulation in aquatic organisms (Heath, 1987; 
Langston, 1990; Roesijadi and Robinson, 1994). 
Metabolic activity of a young individual is generally 
higher than that of older ones and therefore HM 
accumulation is higher in younger fish than elders 
(Elder and Collins, 1991; Douben, 1989; Canli and 
Furness, 1993b; Nussey et al., 2000; Widianarko et 
al., 2000). A probable reason for observed negative 
relationships between HM concentrations and size 
may be related to differences in metabolic activities 
between younger and older fish. Douben (1989) also 
showed that metal accumulation could reach a stable 
condition after a certain age. On the other hand, the 
dilution of tissue metal concentrations due to growth 
and/or lowered metabolic activity in old individuals 
may not be seen if metal concentration in water is 
higher than the capacity of these parameters. In this 
case, continuous accumulation of HMs may occur 
and positive relationships may be observed among 
animals in different sizes. High concentration of 
HMs in water can postpone fish growth causing 
variations in fish size (Heath, 1987; Weis and Weis, 
1989; Friedmann et al., 1996). 
The concentrations of Cd and Pb in examined 
T. tinca and P.  fluviatilis specimens were below the 
guidelines for food summarized by MAFF (Cd, 0.2 
μg/g wet wt.; Pb, 2.0 μg/g wet wt.) (Anan et al., 
2005) and EEC (Cd, 0.05 μg/g wet wt.; Pb, 0.2 μg/g 
wet wt.) (Commission regulation, 2008) and 
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